Exploring effects of topology in condensed matter systems 1 has led to the discovery of fundamentally new quantum phases and phenomena 2 , including the spin Hall effect 3 , protected transport of helical fermions 4 , topological superconductivity 5 , and giant nonlinear optical response 6, 7 . So far, focus has been on weakly interacting systems, but it is clear that the interplay of strong correlations and topology has many further surprises in store 8, 9 .
Weakly interacting Weyl semimetals have recently emerged as a new class of materials with topologically nontrivial bandstructure. Therein bulk 3D Dirac cones describing massless relativistic quasiparticles are stabilized by breaking either inversion symmetry (IS) or time reversal symmetry (TRS) 16 . Key experiments in their identification have been angle-resolved photoemission spectroscopy (ARPES) [17] [18] [19] as well as magnetotransport measurements 20, 21 . In a strongly correlated setting, however, both these techniques fail: ARPES experiments still lack the ultrahigh resolution needed to resolve strongly renormalized bands, and the largely reduced quasiparticle velocities of correlated materials make the observation of the chiral anomaly unlikely. Thus, new tools have to be found to unveil the topological features of strongly correlated systems and pave the way for future discovery.
Low-temperature specific heat measurements have recently been recognized as one such tool 10, 11, 22 . In the heavy fermion semimetal Ce 3 Bi 4 Pd 3 , a giant electronic c = ΓT 3 term was observed and attributed to electronic states with extremely flat linear dispersion 11 . Indeed, in a theoretical model for a Weyl-Kondo semimetal 10 , Γ was shown to be inversely proportional to the third power of the renormalized quasiparticle velocity v ⋆ , Γ ∼ (1/v ⋆ ) 3 . The 10 3 -fold reduction of v ⋆ with respect to the Fermi velocity of a simple metal found in Ce 3 Bi 4 Pd 3 boosts the electronic ΓT 3 term to the point that it even overshoots the Debye βT 3 term of acoustic phonons 11 . In spite of this success of thermodynamic measurements, there is a strong quest for additional, more direct probes of topology in strongly interacting systems. Here we show that Hall effect measurements represent an ideal solution.
The material chosen for our study is the noncentrosymmetric heavy fermion semimetal (Fig. 1a) . This provides strong evidence that the semimetallic character of Ce 3 Bi 4 Pd 3 is due to the Kondo interaction. Below the single-ion Kondo temperature T K = 13 K, identified by associating the material's temperature-dependent entropy with a spin 1/2 ground state doublet of the Ce 4f 1 wavefunction split by the Kondo interaction 11 , a broad shoulder in the resistivity at about 7 K signals the crossover to a Kondo coherent state (Fig. 1a) . As shown in what follows, this is further supported by our magnetoresistance measurements (Fig. 1b, c) .
Transverse magnetoresistance isotherms (Fig. 1b) in the incoherent regime between 7 and 30 K be used as estimates of the field and temperature below which the system is fully Kondo coherent (blue area in Fig. 1d ). Below 7 K, the scaling fails (Fig. 1b) , as expected when crossing over from the incoherent to the Kondo coherent regime. (Fig. 2a) . The corresponding spontaneous Hall conductivity σ xy reaches a value as large as 30%
of the corresponding quantum of 3D conductivity (Fig. 2b) . The experiment was not only carried out in zero external magnetic field, but also without any sample pre-magnetization process.
Hall contact misalignment contributions were corrected for ( Fig. S1 ) and, thus, cannot account for the effect. Moreover, the material is entirely nonmagnetic, as evidenced by the absence of even faint signatures of a magnetic phase transition in both magnetization and specific heat 11 , as well as in muon spin rotation (µSR) experiments. The latter reveal an extremely small, essentially temperature-independent electronic relaxation rate (Fig. 2c) , and show that any internal magnetic fields must be well below 5 mT (Supplementary Information). Thus, the presence of a finite magnetic order parameter can be firmly ruled out as origin of the observed Hall conductivity, and only processes that lead to a spontaneous Hall effect in the absence of TRS breaking should be considered.
Recent theoretical studies show that, in a current-carrying state of an IS breaking (but TRS preserving) material, a Hall conductivity can be generated by an anomalous velocity associated with the Berry curvature in momentum space
where f (k) is the out-of-equilibrium distribution function in an applied electric field E x and Ω odd the Berry curvature, which is odd in k for systems with broken IS (ref 27). Such a state breaks TRS at the thermodynamic level, as f (k) can be maintained only at the cost of entropy production
where j x is the current density). Because the Hall current is carried by f (k), it should depend linearly on the scattering time τ and thus be proportional to the electrical conductivity σ xx .
Our experiments on Ce 3 Bi 4 Pd 3 indeed reveal a striking linear relationship between σ xy and σ xx Its emergence is incompatible with standard descriptions of Hall conductivity. In fact, the elements σ xy of the fully antisymmetric Hall conductivity tensor may couple only to a physical quantity G that breaks TRS (i.e., T G = −G, where T is the time reversal operation) 28 and thus have to be an odd function of this quantity [e.g., σ xy (B) = −σ xy (−B) for G = B in the case of the Lorentz force driven normal
Hall effect].
To understand how this even-in-field component can arise, we use the quasi-classical Boltzmann equation to estimate f (k) and rewrite Eqn. 1 as an equilibrium property 26, 29 
where f 0 is the equilibrium (Fermi-Dirac) distribution function and D xz the Berry curvature dipole induced by broken IS.
As (Figs. 2a, b) and of an even-in-field Hall conductivity (Figs. 3a, c) are smoking-gun evidence that in Ce 3 Bi 4 Pd 3 the physical quantity underlying the Hall conductivity is not a magnetic order parameter (coupled linearly to B), as otherwise ρ xy would necessarily be completely odd in B.
As seen in Fig. 3a , at the lowest temperatures we also detect a nonlinear odd-in-field component to the Hall resistivity. Its temperature evolution (Fig. 3d) suggests that it consists of a linear-infield contribution due to the normal Hall effect, which dominates at temperatures above T ⋆ , and an anomalous nonlinear contribution (AHE) that emerges below T ⋆ . The latter can be associated with the symmetric Berry curvature component that, due to the broken TRS in a finite magnetic field, is even in k. As shown for magnetic Weyl semimetals, this contribution is associated with the distance of the Weyl nodes in the Brillouin zone 15, 16, 30 . Below T ⋆ , the maximum amplitude of the AHE, estimated as ρ xy (T ) − ρ xy (4 K) at 3.5 T, scales quadratically with the corresponding temperature-dependent part of the electrical resistivity, ρ xx (T ) − ρ xx (4 K) at 3.5 T (Fig. 3e) The giant spontaneous Hall effect under preserved TRS represents a genuinely new discovery.
A natural question arises: Why has this effect not been seen in the much more extensively explored weakly interacting Weyl semimetals? To quantify the effect concisely, we introduce the Hall angle Θ that, to the leading nonvanishing order in the applied electric field E x , reads Fig.2b ) for E x ≈ 10 −2 V/m (corresponding to an excitation current I x ∼ 100 µA). Thus, tan(Θ)
is enhanced by more than three orders of magnitude in our case, the field-normalized quantity tan(Θ)/E x by even more than seven orders of magnitude.
We suggest that strong correlations are responsible for this drastic enhancement, via two dis- (Fig. 4b bottom) . In fact, for Fermi energies close to the nodes and sizeable tilt, the resulting Berry curvature dipole D xy is not only nonzero but very large (see Supplementary Information for an expanded discussion). Second, the plasma frequency squared, ω 2 p , which measures the Drude weight, is known to be strongly reduced by interactions, which further amplifies the effect. Both these factors contribute to make the quantum nonlinear Hall effect readily detectable in strongly correlated topological systems.
In conclusion, our Hall effect measurements have unambiguously identified a giant Berry curvature dipole in a time-reversal invariant material, the noncentrosymmetric heavy fermion semimetal Ce 3 Bi 4 Pd 3 . The Hall angle per applied electric field, a figure-of-merit of the effect, is enhanced by orders of magnitude over values expected for weakly interacting systems, which we attribute to Kondo-driven tilted Weyl nodes very close to the Fermi surface. The method established here should also allow for a ready identification of other strongly correlated topological semimetals, be it in heavy fermion compounds or in other materials classes, thereby enabling much needed systematic studies of the interplay of strong correlations and topology. Finally, the discovered effect being present in a 3D material, in tiny electric fields and without any magnetic fields, holds great promise for the development of robust topological quantum devices. The electronic contribution is extremely small and temperature-independent within the error bars. 
Methods

A. Synthesis
Single crystals of Ce 3 Bi 4 Pd 3 and the nonmagnetic reference compound La 3 Bi 4 Pd 3 where synthesized using a Bi-flux method 11 . Their stoichiometry, phase purity, and crystal structure were verified using powder X-ray diffraction, scanning electron microscopy, energy dispersive X-ray spectroscopy, and Laue diffraction.
B. Measurement setups
Magnetotransport measurements were performed using various devices: two Quantum Desing
Physical Property Measurement Systems, in part with 3 He or vertical rotator option, and an Oxford 
D. Model calculations
We extended the model for a Weyl-Kondo semimetal 10 to include beyond nearest-neighbor hopping terms, and solved the self-consistent saddle-point equations for the strong interaction limit of the periodic Anderson model. We find a Weyl-Kondo solution with tilted Weyl cones. With the Kondo interaction placing the Fermi energy very close to the Weyl nodes, the Fermi surface comprises Fermi pockets that are asymmetrically distributed near the Weyl and anti-Weyl nodes.
The Berry curvature, which diverges exactly at any Weyl or anti-Weyl node, is thus very large on the Fermi surface, leading to a large Berry curvature dipole (see the Supplementary Information for further details).
